We present a global analysis of leptonic and semileptonic kaon decay data, including all recent results published by the BNL-E865, KLOE, KTeV, ISTRA+ and NA48 experiments. This analysis, in conjunction with precise lattice calculations of the hadronic matrix elements now available, leads to a very accurate determination of V us , and allows us to perform several stringent tests of the Standard Model.
Introduction
At present, the first-row constraint |V ud | 2 + |V us | 2 + |V ub | 2 = 1 (with |V ub | 2 negligible) offers the most precise test of CKM unitarity. An experimental deviation from that prediction would be evidence for "new physics" beyond Standard Model (SM) expectations in the form of tree or loop contributions to muon decay and/or the semileptonic processes from which the V i j values are extracted. Up until 2002 (and for the 2004 PDG evaluation [1] ), the evaluation of V us from older K → πlν (K l3 ) data gave 2.3σ hint of unitarity violation in the first-row test. The 2003 measurement of BR(K + e3 ) by BNL E865 [2] gave a value for |V us | consistent with unitarity. In the period 2004-2006, many new measurements of kaon branching ratios (BR), lifetimes (τ), and form-factor slopes (λ ) were announced by KLOE, KTeV, ISTRA+ and NA48. All of these new measurements are distinguished from the older ones in that they are based on much higher statistics, and in that radiative corrections are applied consistently. I present here an up-to-date evaluation of V us from the combination of leptonic pion and kaon decays and from semileptonic kaon decays. The combination of experimental results has been carried out by the FlaviaNet Working Group on Kaon decays, and has been first reported in Ref. [3] .
V us is related to the kaon semileptonic decay rate through the following equation:
where K = K 0 , K ± , l = e, µ and C K is a Clebsch-Gordan coefficient, equal to 1/2 and 1 for K ± and K 0 , respectively. In the above expression, the decay width Γ(K l3 ) is experimentally determined by measuring the kaon lifetime and the semileptonic BRs. A well determined treatment of the radiative decays is required in order to use the measured BR in the expression 1.1; usually, most recent experiments publish values of BR totally inclusive of radiation. The hadronic matrix element (form factor) for the K → π transition is parameterized in terms of its value at zero momentum transfer for neutral kaon decays,
, which is determined from theory. Form factor dependence on the momentum is described by one or more slope parameters λ , which are measured from the decay spectra, and is integrated over the decay phase space, giving rise to the I Kl (λ ) integral in equation 1.1. On top of that, some higher order corrections have to be computed from theory: S EW = 1.0232 is the universal short-distance electroweak correction; ∆
SU(2) K
and ∆ EM Kl are SU(2)−breaking and long-distance electromagnetic corrections, which depend on the kaon charge and on the lepton flavor.
In the following section 2 the most recent measurements for K L , K S and K ± BRs and lifetimes will be reviewed and the updated averages will be presented; in section 3 the measurement of the form factor slopes and the evaluation of the phase space integrals will be summarized; in sections 4 and 5 the extraction on V us will be finally addressed.
Combination of experimental data
We perform fits to world data on the BRs and lifetimes for the K L , K S , and K ± , with the constraint that BRs add to unity. A detailed description of the fit is given in Ref. [3] . The present version of our fits uses only published measurements.
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K L leading branching ratios and lifetime
Many new measurements of K L BRs were performed during the last years, which contributed to clarify the K L experimental picture with respect to the 2004 PDG compilation [4] . The KTeV experiment has measured accurately five ratios of K L main decay widths from independent samples of 10 5 − 10 6 events collected with a single trigger. They obtain [5] : (25) , and Γ(3π 0 )/Γ(K e3 ) = 0.4782(55). The measured ratios are used in the global fit to K L BRs and lifetime, with correlations provided by the experiment. The NA48 experiment has measured the ratio of K e3 decays normalized to final states with two charged tracks, obtained from a sample of 80 × 10 6 events. They find [6] Γ(K e3 )/Γ(2 track) = 0.4978 (35) . The measured ratio is used in the present fit to K L decay modes. The KLOE experiment has measured the absolute BRs for the four main K L decay channels from a sample of 13 × 10 6 φ → K S K L events with a K S → π + π − decay reconstructed in the apparatus. The results depend on the K L lifetime through the geometrical acceptance of the apparatus as dBR/BR = 0.67dτ L /τ L . Using as reference value τ (0) L = 51.54 ns they get [7] (24) , and (15) . For the global K L fit, these values have been used accounting for lifetime dependence and other experimental correlations. KLOE has provided also an independent measurement of τ L , obtained by fitting the proper decay time distribution for K L → 3π 0 events, for which the reconstruction efficiency is high and uniform over a fiducial volume of ∼ 0.4λ L . They find [8] τ L = 50.92(30) ns. All of the results discussed above, plus few more which are described in Ref. [3] , are used in a PDG-like fit to evaluate the K L main decay channels and lifetime. The only constraint used in this fit is Σ(BR) = 1. The fit converges succesfully with χ 2 /nd f = 19.8/12 (Prob= 7.1%), and the results are reported in Table 1 . Our definition of BR(π + π − ) is fully inclusive of inner bremsstrahlung (IB), but exclusive of the direct emission (DE) component; radiative modes are given separately, for E * γ > 20 MeV. 
16(21) ns 1.1 Figure 1 shows a comparison between previous PDG averages and the present results for K e3 , K µ3 , 3π 0 and π + π − decay channels. Differences between this fit and 2008 PDG edition [9] are 
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Figure 1: BR evolution for some representative K L channels: K e3 , K µ3 , 3π 0 , and π + π − .
K S leading branching ratios and lifetime
KLOE has measured the ratio BR(K S → πeν)/BR(K S → π + π − ) with 1.3% precision [10] , making possible an independent determination of |V us | f + (0) to better than 0.7%. In Ref. [11] , KLOE combines the above measurement with their measurement BR(
Using the constraint that the K S BRs sum to unity and assuming the universality of lepton couplings, they determine the BRs for π + π − , π 0 π 0 , K e3 , and K µ3 decays. Our fit is an extension of the analysis in [11] , which makes also use of a recent determination of Γ(K S → πeν)/Γ(K L → πeν) [12] by NA48, where the denominator is obtained from the results of our K L fit. As far as the K S lifetime is concerned, we include in the fit the measurements by NA48 [13] and KTeV [14] , performed without assumption of CPT symmetry. The results of the fit are listed in Table 2 . 
4.66(6) × 10 −4 1.0 τ S 0.08958(5) ns 1.0
K ± leading branching ratios and lifetime
There are several new results providing information on K ± 3 rates. The NA48/2 collaboration has published measurements of the K 3 decay rates normalized to ππ 0 final state [15] , BR(K e3 )/BR (ππ 0 ) = 0.2470(10) and BR(K µ3 )/BR(ππ 0 ) = 0.1637(7) In our fit we use these values, and take their correlation into account. KLOE has measured the absolute BRs for the K e3 and K µ3 decays [16] . In φ → K + K − events, K + decays into µν or ππ 0 are used to tag a K − beam, and vice [17] and µν decay [18] . Our fit takes into account the correlation between these values, as well as their dependence on the K ± lifetime. The world average value for τ ± is nominally quite precise. However, the PDG error is scaled by 2.1; the confidence level for the average is 0.17%. It is important to confirm the value of τ ± . The new measurement from KLOE [19] , τ ± = 12.347(30) ns, agrees with the PDG average. Our fit for the six largest K ± branching ratios and lifetime includes the the six measurements noted above, together with some older results (as described in Ref. [3] ). We have recently carried out a comprehensive survey of the K ± data set, which led to the elimination of 11 measurements currently in the 2008 PDG fit. Our fit uses 17 input measurements, seven free parameters, and one constraint, giving 11 degrees of freedom. We obtain the results in Table 3 . The fit gives χ 2 = 25.8 (P = 0.69%). The comparatively low P-value reflects some tension between the KLOE and NA48/2 measurements of the K 3 branching ratios. Both the significant evolution of the average values of 
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Form factor slopes and determination of K l3 decay phase space
Since K → π is a 0 − → 0 − transition, only the vector part of the weak current has a nonvanishing contribution. The matrix element can be expressed as π|J
where P, p, are the kaon, pion momenta, and t = (P − p) 2 is the only L-invariant variable. The term proportional to f − (t) is only relevant for K µ3 decays, since it is multiplied by the lepton mass. It is customary to expand the vector form factor f + (t) as
where m is the mass of the charged pion, and only linear and quadratic terms are retained. In the above expression, the form factor at zero momentum transfer, f + (0), is evaluated from theory, while the form factor slopes, λ + , λ + are experimentally determined from semileptonic decay spectra. A
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Review on Flavianet analyses Matteo Palutan K L and K − data K L data only 4 measurements 3 measurements χ 2 /ndf = 5.3/6 (51%) χ 2 /ndf = 4.7/4 (32%) λ + × 10 3 25.2 ± 0.9 24.9 ± 1.1 λ + × 10 3 1.6 ± 0.4 1.6 ± 0.5 ρ(λ + , λ + ) −0.94 −0.95
. As in the case of the vector form factor, the scalar form factor is expanded in powers of momentum transfer t.
For K e3 decays, recent measurements of the quadratic slope parameters of the vector form factor, λ + and λ + , are available from KTeV [20] , KLOE [21] , ISTRA+ [22] , and NA48 [23] . We show the results of a fit to the K L and K − data in the first column of Table 4 , and to only the K L data in the second column. With correlations correctly taken into account, both fits give good values of χ 2 /ndf. The significance of the quadratic term is 4.2σ from the fit to all data, and 3.5σ from the fit to K L data only. Including or excluding the K − slopes has little impact on the values of λ + and λ + ; in particular, the values of the phase-space integrals change by just 0.06%. KLOE, KTeV, and
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in which dominance of a single resonance is assumed and its mass M V is the fit parameter. Results for M V from pole fits to K Le3 data are quoted in Table 5 . For K µ3 decays, recent measurements of the slope parameters λ + ,λ + , and λ 0 are available from KTeV [20] , KLOE [24] , ISTRA+ [25] , and NA48 [26] . We will not use the ISTRA+ result for the average because systematic errors have not been provided. We use the K e3 − K µ3 averages provided by the experiments for KTeV and KLOE. NA48 does not provide such an average, so we calculate it for inclusion in the fit. We have studied the statistical sensitivity of the form-factor slope measurements using Monte Carlo techniques. The conclusions of this study are a) that neglecting a quadratic term in the parameterization of the scalar form factor when fitting results leads to a shift of the value of the linear term by about 3.5 times the value of the quadratic term; and b) that because of correlations, it is impossible to measure the quadratic slope parameter from quadratic fits to the data at any plausible level of statistics. The use of the linear representation of the scalar form factor is thus inherently unsatisfactory, but has little impact in the extraction of V us . The results of the combination of K 3 results are listed in Table 6 , and shown in Fig. 3 . The value of χ 2 /ndf for all measurements is terrible; we quote the results with scaled errors. This leads to errors on the phase-space integrals that are ∼60% larger after inclusion of the K µ3 NA48 data. The evaluations of the phase-space integrals for all four modes are listed in each case. Correlations are fully accounted for, both in the fits and in the evaluation of the integrals. Adding the K µ3 data to the fit does not cause drastic changes to the values of the phase-space integrals for the K e3 modes: the values for I(K 0 e3 ) and I(K ± e3 ) in Table 6 are qualitatively in agreement with those in Table 4 .
Extraction of |V us | f + (0)
SU(2)−breaking and EM corrections which are used to extract |V us | f + (0) are summarized in table 7. The SU(2)−breaking correction is evaluated with ChPT to O(p 4 ), as described in [27] , and
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Review on Flavianet analyses Matteo Palutan 24.5 ± 0.9 (S = 1.1) λ + × 10 3 1.8 ± 0.4 (S = 1.3) λ 0 × 10 3 11.7 ± 1.4 (S = 1.9) Figure 3: 1-σ contours for λ + , λ + , and λ 0 determinations from KLOE(blue ellipse), KTeV (red ellipse), NA48 (green ellipse), and world average with (filled yellow ellipse) and without(filled cyan ellipse) the NA48 K µ3 result.
using a recent evaluation of quark mass ratio from [30] . The long distance EM corrections to the full inclusive decay rate are evaluated with ChPT to O(e 2 p 2 ) [28] , and using low-energy constants from Refs. [29] [30]. The quoted errors are estimates of the only partially known higher order contributions. Using all of the experimental and theoretical inputs discussed above, the values of
, and K ± µ3 decay modes, as shown in table 8 and figure 4 . The five decay modes agree well within the quoted errors, and average to
with fit probability 55%. To evaluate the reliability of the SU(2)−breaking correction, a comparison is made between separate averages of |V us | f + (0) for the neutral and the charged channels, from
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0.2165 (5) which we can estimate ∆ SU (2) exp = 2.7(4)%, which is good agreement with the value estimated from theory.
Determination of V us and CKM unitarity test
In the previous section a determination of |V us | f + (0) from K l3 decays has been presented, with ∼ 2 × 10 −3 fractional accuracy. To extract the value of V us , we use the current best determination of f + (0) from lattice QCD, f + (0) = 0.964 ± 0.005, from a 2+1 flavor calculation by the RBC+UKQCD collaboration [32] . We get V us = 0.2246 ± 0.0012.
(5.1)
A value of V us can also be obtained from a comparison of the radiative inclusive decay rates of K ± → µ ± ν(γ) and π ± → µ ± ν(γ) combined with a lattice calculation of
with the multiplicative factor coming from the electroweak radiative corrections. To solve equation 5.2 for V us /V ud , we use the value of BR(K ± → µ ± ν) quoted in Sec. 2.3, which is dominated by a recent measurement by KLOE [18] with 0.3% accuracy, and the lattice result f K / f π = 1.189 ± 0.007, from HPQCD [33] . From the above results we get
This ratio can be used in a fit together with the measurements of V us from K 3 and V ud from 0 + → 0 + nuclear beta decays, V ud = 0.97425 ± 0.00022 [34] . The global fit gives 
The outstanding agreement with unitarity provides an impressive confirmation of Standard Model radiative corrections [35] [36] (at about the 60 sigma level!). It can be used to constrain "new physics" effects which, if present, would manifest themselves as a deviation from one, i.e. what would appear to be a breakdown of unitarity (see Ref. [3] ).
Charged Higgs Bosons
A particularly interesting test is the comparison of the |V us | value extracted from the helicitysuppressed K 2 decays with respect to the value extracted from the helicity-allowed K 3 modes.
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Review on Flavianet analyses Matteo Palutan To reduce theoretical uncertainties from f K and electromagnetic corrections in K 2 , we exploit the ratio BR(K 2 )/BR(π 2 ) and we study the quantity
Within the SM, R l23 = 1, while deviation from 1 can be induced by non-vanishing scalar-or righthanded currents. Notice that in R l23 the hadronic uncertainties enter through ( f K / f π )/ f + (0). Effects of scalar currents due to a charged Higgs give [3] R l23 = 1 − m 2
In this case, the unitarity relation between |V ud | extracted from 0 + → 0 + nuclear beta decays and |V us | extracted from K 3 remains valid as soon as form factors are experimentally determined. This constraint can be used in the global fit to improve the accuracy of the determination of R l23 , which in this scenario turns to be Here ( f K / f π )/ f + (0) has been fixed from lattice. This ratio is the key quantity to be improved in order to reduce present uncertainty on R l23 . The measurement of R l23 above can be used to set bounds on the charged Higgs mass and tan β . Fig. 6 shows the excluded region at 95% CL in the M H -tan β plane (setting ε 0 = 0.01). The measurement of BR(B → τν) [37] can be also used to set a similar bound in the M H -tan β plane. While B → τν can exclude quite an extensive region of this plane, there is an uncovered region in the exclusion corresponding to a destructive interference between the charged-Higgs and the SM amplitude. This region is fully covered by the K → µν result.
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